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Abstract

To support incremental replay of message-passing ap-
plications, processes must periodically checkpoint and the
content of some messages must be logged, to break depen-
dencies of the current state of the execution on past events.
The paper presents a new adaptive logging algorithm that
dynamically decides whether to log a message based on de-
pendencies the incoming message introduces on past events
of the execution. The paper discusses the implementation
issues of the algorithm and evaluates its performances on
several applications, showing how it improves previously
known schemes.

1. Intr oduction

Dehugging' long-runningparallel/distrituted programs
requireghecapabilityof incrementateplay i.e., of replay-
ing selectedntenals of an execution. Becausegprograms
that last hours or days are common, one should not be
forcedto replaythe whole executionfrom the beginningto
isolatea bug thatmanifestedtself in awell definedsection
of theprogram.

To permitincrementateplay eachprocessnustperiodi-
cally checkpointj.e.,saveits computationastateto astable
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storageto allow its executionto be restartedrom ary one
of its checkpointsandnot from the beginning. Thoughco-
ordinatedcheckpointingstratgjiesare possibleand widely

explored[1], the paperaddressemdependentheckpoint-
ing: applicationprocessesancheckpoinindependentlyf

eachotherandwithoutany coordination{7, 8].

In themessage-passimgodel,several problemsarisein
replayingthe executionof a procesfrom oneof its check-
points.Ontheonehand theorderof messagéeliverymust
be tracedand presered during the replay to grantdeter
ministic re-execution. On the otherhand,all the messages
recevedby aprocessfterthecheckpoinofinterestandun-
til the next oneneedto bereproduced.The paperassumes
toolsareavailablefor preservinghedeliveryorder—widely
studiedin pastworks[4, 5] —andfocuse®nthelatterprob-
lem. Two maintechniquesrepossiblei(i) all themessages
receved by a processare loggedand restoredduring the
replay[4]; (ii) theintervalsof thoseprocessefrom which
messagebave beenrecevedduringthereplayinterval are
re-executedtoo, in orderto re-computethe messageand
sendthemagain[9]. The formertechniqueis ineffective,
becausdoggingamessagdashigh costsin bothexecution
time andstoragespace.Thelattertechniquegvenif it were
to introduceno overheadin the execution,doesnot grant
ary boundon the amountof computationthat mustbe re-
executedto replaya givenintenal: in the worst case the
wholeexecutionmayneedto bereplayedo re-computehe
needednessages.

An alternatve technique,known as adaptive message
logging, can significantly reducethe logging effort while
limiting the amountof computatiomeededo replay This
is doneby introducingon-line algorithmsto dynamically
detectwhethera messag@eedso be logged,on the basis



of the dependenciesn pasteventsof the executionthatit
introduceson therecever procesg7]. Dependeng infor-
mationcanbe madedynamicallyavailableto processeby
piggybackingt into the computatiormessagegshusavoid-
ing the overheadf additionalcontrolmessages.

This paperpresentsa new adaptve logging algorithm
thatgrantsa boundon the amountof computatiomneeded
to replayary giveninterval of theexecution.Thepresented
algorithmimproves previously known logging algorithms
in severalways: (i) it logs, in the average a lower percent-
ageof messagessconfirmedby testson a setof message-
passingapplicationsyii) its behaior canbe tunedto meet
userneeds(iii) it preventsdeadlocksluringreplay a prob-
lemwith somepastschemes.

2. The model

A parallel/distriuted program based on message-
passingcanbemodeledasasetof processe®, Ps, ..., P,
thatexecuteeitherinternalor communicatiorevents.Inter-
nal eventsof a processanincludelocal checkpoinevents.
The paperindicatesas C; , the z'* the checkpointtaken
by aprocessP; andasl; , its z* checkpointinterval, i.e.,
the setof all the eventsincludedbetweenC; , andC; 41.
Communicationevents include messagesendingand re-
ceving. Messageleliveryis notrequiredto be FIFO.

Given a program,differentexecutionsare possible de-
pendingon boththe orderin which messagearedelivered
andthetime at which processetake local checkpoints.

2.1 Thereplay dependenceelation

Given an executionof a checkpointednessage-passing

program.the replaydependenceelation(@)) shaws how
eventswould dependon one anotherduring a replay [7].
An eventb is saidto be replay dependent on an eventa

(a R b) if andonly if a mustbe re-executedbeforeb
canbere-executedgitherbecause precedes in the same
processand no checkpointingoccursbetweena and b or
because sequencef unlogged messagesvas sentfrom
a (or afollowing event) to b (or a precedingevent). The
relationis transitive.

Let usconsidettheexecutionin figure1, wherehorizon-
tal arrowns representhe executionof eachprocessblack
dotsrepresentocal checkpointsandinterprocessarronvs
represenimessagesxchangedetweerprocesseésolid ar
rows for unloggedmessagesgashedarrons for logged
ones). In this execution,the receiptof m2 makesthe suc-
cessve eventsof P, (until its next checkpointC, ») replay
dependendntheeventsof P; precedinghesendingof m2.
Thereceiptof m4 from P, makes P; replaydependenbn
P, and,transitively, on Ps3.

The £2 relationis included(C) but not equivalentto
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Figure 1.the replay set of I

the happened before (ﬂ%) relation[1]. In fact: (i) thefirst
eventafteracheckpoinis notreplaydependenon the last
eventbeforethatcheckpoint{ii) aloggedmessageoesnot
introduceary replay dependenceelation. With reference
to figure 1, eventsof P, pastCs, ; arenotreplaydependent
on ary eventof P, precedingC>,;. Eventsof P; arenot
dependenbn eventsof P, pastCs » becausen? is logged.

2.2 Thereplayset

The replay dependenceelation can be extendedto

checkpointintervals. The notation’; , BB I; , indicates
that thereare eventsin I; , that are replay dependenbn
I; .. Then,I; , mustbe replayedin orderto replayI; ,.

Notethattherelation; , B I; , doesnotimply thatall
theeventsof I, ,, introducedependenciesn I ,. In figure
1, I, ; is replaydependenbn I3 o and,then, I3 o mustbe
re-executedo replayl, ;. However, eventsof I3 ¢ pastthe
sendingof m2 do notintroducedependenciesn I ; .

Givenoneinterval I of anexecution thereexistsa setof
checkpointntervalsthatintroducereplaydependencen it
andneedto be re-executedwhenreplayingZ. We call this
thereplay set associatedvith theinterval. Formally:

Definition: For a givencheckpointintenal I of anexecu-
tion, the replay set RS[I] is the setof intervals RS[I] =
{Iio L, 25 1}

In addition, the two setsof the earliestand of the lat-
est checkpointsthat delimitate the extension of the re-
play setare definedasits left andright frontiers, respec-
tively. For example (figure 1), the replay set of the in-
tenal 1>, (emphasizedy width lines) includesthe in-
tenals I g, I1,2, 12,1, 13,0, 13,1; its left frontier is com-
posedof C9,C>,1, Cs,0; its right frontier is composeabf
01,3,02,2,03,2-



3. The algorithm

The proposedadaptve logging algorithmis fully dis-
tributed: a procesdocally decidesvhetherto log amessage
or not at the momentthe messagés receved. The deci-
sion is basedon information, locally storedby eachpro-
cess,aboutthereplaysetof its currentcheckpointinterval
andoninformation,piggybacledwith eachmessageabout
thereplaysetof thesender

Thebasicideaof thealgorithmis simple:becausames-
sagetransitively induceson the recever the replaydepen-
dencerelationsof the sendera recever will log amessage
if it would make the sizeof its replayset—i.e.,the number
of checkpointintervalsit is composeaf — increaseover a
toleratecbound.Notethatthereplaysetrelationis included
in the happenedyeforeoneand,then,is detectablen-line
[1]. Becauseheproposedilgorithmon-linedetectshe ex-
actshapeof thereplayset,it canbedefinedasfull informed.

To keeptrack of its replay set, eachprocessstores,for
all the processe# is replay dependenbn, the indexes of
theassociatedheckpoinintervalsthatintroducereplayde-
pendencenit.

At ary new checkpointall replaydependenceelations
arevoided,i.e., for aninterval I, RS[I] = I, becausan
interval is alwaysreplay dependenbn itself. At ary send
event, the information aboutthe local replay setis piggy-
bacled with the message At ary receved andnot logged
messagen, the new replaysetof thereceverbecomeghe
union of its currentreplaysetandof the oneof the sender
(piggybacledwith m anddenotecasm.RS), i.e.,for anin-
tenal I, RS[I] + RS[I]Um.RS. Theintervalsthatare
presentin both replay setsare countedoncein the union.
If themessagés logged,it doesnotintroduceary new de-
pendeng anddoesnot requirethe updateof thereplayset.
This schemecanbe summarizedsfollows:

mer ecei ve() ;
i f(size_of _union_of RSs(RS, m RS)>Bound)
log(m;
el se
RS=conput e_uni on_of RSs(RS, mRS));
fi

In generalthe replaysetof a processs likely to grow in
sizeasthe executionproceedsn a checkpointinterval and
new messagearereceved. However, the proposedalgo-
rithm boundsthe size of the replay setand, consequently
boundsthe amountof informationneededo keeptrack of
it. The maximumamountof informationone processwill
everstoreandpiggybackis N + Bound integers,where N
is the numberof applicationprocessesind Bound is the
toleratedsizeof thereplayset. For example,in anapplica-
tion composedf 16 processesa boundof 16 for the size
of thereplaysetrequiresto storeandpiggybackat most32
integerswith eachmessage.

Table 1. description of the test programs

Program Execution Exchanged Avg. Message
Time (sec) | Data (Mbytes) Size (bytes)

matrix determinant 48.3 43.1 3183

fast fourier transform 417.0 243.2 23233

finite differences 199.4 19.0 1241

circuit test generator 144.0 35.2 1641

VLSI channel router 1358.0 67.9 182

4. Evaluation

To evaluatethe effectivenes®f the presenteclgorithm,
we adoptedive message-passimogramsastestbedsand
simulatedthe execution of the algorithm from message
tracesof (non-checkpointedgxecutionsof eachprogram.
Thetestprogramsdevelopedfor a 16-nodei PSC860 hy-
percube,include programsto computethe determinanof
a matrix, the fast fourier transformand finite differences
over a grid; a circuit testgeneratoranda V' LSI channel
router Table 1 reportsthe basiccharacteristicef the test
programswhich areheterogeneous bothexecutiontimes
andamountbf dataexchangedaswell asin expressed¢om-
municationpatterns. Then, thoughthe programsare not
verylongrunning,they canbeconsideredepresentatiefor
the evaluationof the replayalgorithmswhosebehaiour is
determinedythecommunicatiopatternsof anapplication
ratherthanby the globalexecutiontime.

Checkpointeventshave beenartificially insertedin the
messagéraceswith differenttime periods:theinterval be-
tweentwo checkpointan a processhasbeenvaried from
1% to 50% of the applicationexecutiontime. This range
coversall practicalcasesandmore: from a checkpointev-
ery few secondqseetable 1) up to just oneor two check-
pointsin the whole execution. Checkpointshave beenin-
sertedin the traceswith a randomskew from their basic
checkpointperiod,to simulatethelikely behaior of unco-
ordinatedcheckpointing.

Threeindicatorsaresignificanttowardsthe evaluationof
the algorithm: (i) the percentagef messagefoggeddur-
ing an executionmeasureshe on-linereplaycost,i.e., the
logging overhead;(ii) the averageand (iii) the maximum
numberof replay intervals per processrequiredto replay
theintenalsof anexecution(i.e., by consideringall thein-
tenals, the averagesize of the associatedeplay setsand
the size of the largestone, divided by the total numberof
processesineasurdhe averageandthe worst caseoff-line
replaycosts respectrely.

One could criticize different metricsneedto be intro-
ducedtoward the effectivenessof the replay suchasthe
length of the longestsequentiapath neededo replay|[6].
However, mostof todaysparallelanddistributed architec-
turesarenotwidely availableatacheapcost,andthereplay
activity cannotassumehe availability of parallelexecuting



resourcesThatmalkesit preferableo limit thetotalamount
of computatiorratherthanthe parallelexecutiontime, the
formermeasurédeingindependendn the amountof avail-

ablecomputingresources.

4.1 Evaluation of the full-inf ormed algorithm

Thefivetestprogramsexhibit similarbehaiorsw.r.t. the
applianceof the full informedalgorithm. For this reason,
the datarelative to the different programshave beenag-
gregatedandaveragedio alleviatethe presentationvithout
significantlossof information.

Figure 2 shaws the averageandthe maximumnumber
of replayintervals per processapplyingthe full informed
algorithmwith differentboundson the size of the replay
set. Thesefiguresalsoreportthe numberof intervals re-
quiredto replayin absenceof ary logging algorithm (no
loggingcase).Figure3 plotsthe correspondingercentage
of loggedmessages.

As afirst considerationpne canseefrom figure 2 that
the algorithm generallyachieses a significantreduction—
w.r.t. the nologging case— in the amountof checkpoint
intervals neededo replay both in the averageandin the
worstcase.However, the largerthe applicationcheckpoint
period (andthelengthof checkpointintervals)the lessthe
relative reductionachiezed by the algorithm—w.r.t. theno
loggingcase-in theamountof checkpoinintervalsneeded
to replay In the caseof very large checkpointperiods,the
on-line logging efforts (mostly independenbn the check-
point period,asfrom figure 3), arenot counterbalancedy
a comparableaeductionof the off-line replay costs. This
identifiesageneratequirementor effectiveincrementate-
play ratherthana peculiarlimit of the proposedalgorithm:
an applicationmustcheckpointrequentlyenoughto make
checkpoinintervalssignificantlyshorterthantheglobalex-
ecutiontime.

Apart from the above extremesituation,the behaior of
thealgorithmdepend®n theimposedoundon the sizeof
thereplayset. A toostrictboundforcesthealgorithmto log
a high amountof messagesor example,a boundof 16in-
tenalsfor thesizeof thereplaysetcausesoggingabout25-
35%of themessagefigure 3). In this case however, both
the averageand the maximumnumberof replay intervals
per processarekeptlow, grantingfastandlow-costincre-
mentalreplay(figure 2). Largerboundsreducethe amount
of loggedmessageandpermitlimiting thecomputatiorre-
quiredfor replay A boundof 32intervalsonthesizeof the
replaysetlimits theaveragenumberof replayintervals(fig-
ure2-up)to aboutl perprocesandreduceghe percentage
of loggedmessage$o 10-15%(figure 3). The worstcase
(figure2-down) is boundeddy 2.

The possibility of tuning the internal parameter®f the
algorithmpermitsusersto selectthe preferredtrade-of be-
tweenon-line(logging)andoff-line (amountof replayinter-
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Figure 2. full informed algorithm: average
(up) and maximum (down) number of replay
inter vals per process depending on the toler -
ated size of the replay set

vals) replay costsby selectingthe mostappropriatebound
onthesizeof thereplayset.If auserwantsto minimizethe
on-line logging overhead,(s)hecan choosea large bound
for the replay set, toleratinga slover and more expensve
replayactiity. Corversely if a useris in needof fastand
cheapreplay (s)hecanimposea very strict boundon the
size of thereplay set, payingthe price of a higheron-line
overhead.

4.2 Comparisonwith the domino algorithm

The domino algorithmfor adaptve logging, proposedn
[7], doesnotaimto exactly computethereplaysetbut only
its left frontier. A vectorof checkpointindexesis locally
storedby eachprocessaandpiggybacled with messagegp
tracktheearliestcheckpoininterval of eachprocessif ary,
onwhichthecurrentintervalis replaydependentA process
logsamessagé it introduceseplaydependenciesn past
intervalsof the processtself, i.e.,dominodependencies.
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Figure 3. full informed algorithm: percentage
of logged messages depending on the toler -
ated size of the replay set

As a first considerationthe domino algorithmis less
flexible than the full informed one, becausethe logging
function cannotbe parameterizedthus precludingtuning
thealgorithmbehavior to userneedsin addition,evaluated
with the sametestprogramsit exhibits worseperformance
andcanalsodeadlockthereplay asdiscussesater

By settingthe boundof the full informedalgorithmso
thatit logs aboutthe samepercentagef messageasthe
dominoalgorithm, the two algorithmsbehae comparably
w.r.t. the averagenumberof replay intervals per process
(figure 4-up). Instead the maximumnumberof replayin-
tervals perprocesss lower for the full informedalgorithm
(figure 4-down). In other words, with the sameon-line
coststhefull informedalgorithmgrantsa lowerworstcase
for theoff-line replaycosts.

By settingthe boundin the full informedalgorithmso
thatthe maximumnumberof replayintervalsperprocesss
aboutthe samein the two algorithms(40 intervals, 2,5 per
process)the full informedalgorithmlogs a lower percent-
ageof messagefigure5s). In otherwords,thefull informed
algorithminduceslower on-line replay coststo grantthe
sameworstcasefor the off-line replaycosts.

One could criticize that the performancemprovement
of the full informedalgorithm over the dominooneis not
significantenoughto justify its adoption especiallyconsid-
ering thatthe dominoalgorithmneedsa reducedandfixed
amountof informationto be piggybacledwith messageé
vectorof checkpointindexes). In our opinion, instead,re-
ducingtheamounif loggingis moreimportantthanreduc-
ing by afew bytesthelengthof applicationmessagediith
referenceo table1, onecanseethata reductionof 10%in
loggedmessagesaresseveral Mbytesof disk storaggand
thecostof accessingf). Ontheotherhand,increasingoy a
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Figure 4. comparison of the algorithms: av-
erage (up) and maximum (down) number of
replay intervals per process when logging
about 15% of messages

few bytesthe amountof piggybacledinformationinduces
alimited additionaloverheadon applicationsgspeciallyin
thepresencef efficientinterconnectiometworks.

5. Replay schemes

After anexecution,to replaya givenintenval, its execu-
tion mustbe resumedrom the correspondingheckpoint,
togethemvith theexecutionof all theintervalsthatbelongto
its replayset. Dependingpon theloggingalgorithmadopted,
the post-mortemdetectionof theseintervals and their re-
executionintroducedifferentproblems.

Replay Schemel: In thefull informedalgorithm,each
processhas available on-line exact information aboutits
currentreplayset. Thisinformation,if storedateachcheck-
point, trivially grantsthe post-mortendetectionof the re-
play setof eachintenal. Then,to executeareplayrequires
only to resumethe executionof eachinterval of the replay
setfrom the correspondingheckpoint. With referenceo
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Figure 5. comparison of the algorithms: per-
centage of logged messages when bounding
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process to circa 2.5

the executionof figure6, to replaytheinterval I; ; onehas
to resumeseparatelyhe executionof I» o andls 5, together
with I; ; itself, from the correspondingheckpoints.

In thedominoalgorithm,eachprocesasavailableon-
line only the informationaboutthe left frontier of the re-
play set. It hasneitherthe exactshapeof thereplaysetnor
its right frontier. Then,onecannotexecutea replayby re-
sumingthe executionof all the intervals of the replay set,
becausenecannotknow whichintervalsareincludedin it.

Replay Scheme2: Thealternatve schemes to resume
executionof theprocessefom theircheckpoint®ntheleft
frontier of the replaysetandlet themproceeduntil there-
play of theinterval of interestcompleteswithoutresuming
separatelyhe executionof eachinterval. With referenceo
figure 6 andthereplayof I; ;, onecanresume(in addition
to P; from C1,1) P» from Cs andlet its executionpro-
ceeduntil neededi.e., over Cs; andC5 s, until thereplay
of I; ; completesThis schemewhichis the oneproposed
in [7] andin [6], canalsobe appliedin the caseof thefull
informedalgorithm.

Thoughsimple and elegant, Replay Scheme2 tendsto
wasteexecutionresources.Firstly, the executionof some
processouldalsoproceedover theright frontier of there-
play set.In addition,thereplaycannotskip the executionof
thoseintenalsthatarenotincludedin thereplayset,though
includedbetweenits left andright frontiers. For example
(figure6), I 1 notbelongingto thereplaysetof I; ;.

Apart from wastingresourcesReplayScheme? is not
generallyapplicablebecausef possibledeadlocks.n fig-
ure6, thereplayof I ; requiresthereplayof I ¢, because
of m1 andof I » becausef m3. However, after having
sentm1, the executionof P, blocksbecauséhe message

C1o Cia Cip Cis

PL @ ® *—
m4
ml m3
o Ga Co N Cos
P2 @ ® ® o
m2 " ms
Cio G G2 ,/’%‘3 Caa
P3 @ @ @ @ o

Figure 6. A deadlock in the replay of I ;

m?2 from P; will neverarrive. In fact, no interval of P; is
includedin the replaysetof I; ; and,then, P; is not re-
playedatall. P, will notproceedwith its executionthrough
I, andI,», andwill neverbeableto sendm3, deadlock-
ing thereplay

In generalterms,the deadlockproblemfrom which the
ReplayScheme suffers— notidentifiedby previousworks
in thearea— canbe statedasfollows:

Theorem 1. giventhe replaysetRS[I] of oneintenval
1, if this replay setincludesseveral intervals of the same
processP;, I; ., - - ., I »+n, andoneof theseintervals but
thelatestone,i.e., I ,4,,i#n, hasareplaysetRS[J; ;]
notincludedin RS[I], i.e., RS[I; z+:] SRS[I], thereplay
deadlocks.

Proof. To replay the interval I, one hasto replay
Lig, .., Ijgtir- -, Ljz4n. Supposehatl;,.; hasare-
play setthatincludesthe interval I ,. Then,to complete
the re-executionof I; ., let it proceedover C; ,; and
arrive until I; ., onehasto re-executel; ,,. Otherwise,
theexecutionof processP; blocks,transitvely blockingthe
replayof I, becauseéhe intervals of P; in its replaysetin-
cludedbetweery; , ., andl; ., will neverbere-executed.
However, if I}, ,, is notincludedalsoin thereplaysetof I it
will notreplayedandthereplaydeadlocksp

To solve this problemand prevent deadlockin replay
differentvariationson ReplayScheme canbedevised.

Replay Scheme2a: One can computethe transitve
union of the left frontiersof all the intervals identified by
the left frontier of the interval of interest,and re-execute
ary procesgrom theleft frontier obtainedn thatway. The
problemof this solutionis thatit doesnot grantany bound
on theamountof computatiorrequired:thereplaycanroll
backin the past,unlesstheleft frontier of ary replaysetis
astrongly consistenglobalcheckpoinf9, 3].

Replay Scheme2b: Anotherpossiblesolutionis to eval-
uate,at replaytime andfor ary receve event, whetherthe
messagés recevedfrom anintenal belongingo thereplay
set. If it is, the messagenustbe waitedfor andthe execu-
tion canproceedafterwards.If it is not, the executionof the



processcan be stoppedand resumedrom its next check-
point, avoiding the possibility of deadlock. This solution
hasthe drawvback of requiringthe traceof every message
receved by a process.Thoughtracingmessagess neces-
saryto grantdeterministiae-execution,adaptve tracingal-
gorithmsexist thattraceonly afractionof themessagefb].

If thesealgorithmsareused,it maybeimpossibleto know,
duringthereplay from wherea messagenustarrive.

It appearshattheonly generakolutionto preventdead-
locksis to adoptReplaySchemel, i.e., re-executeall the
intervals of the replay setseparatelyfrom the correspond-
ing checkpoints.This schemeasalreadystated,is possi-
blein the caseof thefull informedalgorithmbut notin the
caseof thedominoone,becausef thelack of thenecessary
information. Of course onecould apply the dominoalgo-
rithm by makingavailableto it the additionalinformation
aboutthereplayset. In this case however, therewould be
noreasomotto exploit theadditionalinformationavailable
to implementthe full informedlogging algorithmthat, as
shawvn in the previoussection achiezesbetterperformance.

6. Relatedwork

In the past, several works in the area of paral-
lel/distributed delugging have paid attentionto message
tracingtechniquedor deterministicre-execution[5], with-
outaddressingncrementateplay

Simpleapproacheto incrementateplayproposeo log
the contentof all messagept]. However, therun-timecost
of logging could be extremelyhigh andcould even exceed
storagecapability

More recentpapergproposeadaptve loggingalgorithms
for incrementalreplay The domino algorithm was dis-
cussedearlier [7]. A logging algorithm to bound the
critical-path,.e.,thelengthof themaximumsequentiapath
neededto replay a given interval, is introducedin [6]: a
messagés loggedonly if its delivery would createa se-
guentialexecutionpath exceedinga specifiedbound. The
algorithmis simplebut doesnotgrantaboundontheglobal
amountof computatiorrequiredfor replay It canbe effec-
tive only if parallelexecutionresourcesrefully available
for replay Unfortunately aswe have alreadystatedthisis
not alwaysthe case.In addition,the algorithmexhibits the
samedeadlockproblemasthedominoone.

Otherproposalsaim to avoid logging while still grant-
ing fastre-execution.Theapproactproposedn [2] couples
ary executionof a parallelprogramwith a twin execution,
to bechagedwith all deluggingactuities,i.e.,tracingand
logging, makingthe original executionfree of any on-line
overheadThoughoriginal andpotentiallyeffective, theap-
proachis not easily applicablebecauset requiresa large
amountof resourcesA formal analysisof the propertiesof
a checkpointedexecutionis presentedn [9]. This leadsto

thedefinitionof analgorithmfor the post-mortendetection
of the intervals of an executionthat canbe replayedwith-

out messagdogging. The algorithmcan be useful either
to optimize messagdogging on subsequengxecutionsor

to coupletheloggingactiity with a checkpointingactivity.

However, it doesnotallow the userto specifyexactlywhere
are-executioncanbegin.

7.Conclusionsand futur e work

The paper focuseson incrementalreplay of paral-
lel/distributed programsand describesa new adaptve log-
ging algorithm that improves previously known schemes
by: (i) logging a lower percentagef messagesii) per
mitting the algorithm behaior to be tunedto userneeds;
(iii) preventingdeadlocksn replay

Futurework will dealwith testingthe presentedlgo-
rithm with alargerclassof applicationspossiblyverylong
running.In addition,we arecurrentlystudyingtherelation-
shipbetweeradaptieloggingandconsistentheckpointing
[3, 10].
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